ABSTRACT -The decay of seeds is irreversible and at best can only be delayed by applying techniques that reduce the velocity of the metabolic reactions involved. There is little information on the biochemistry of tropical forest tree seeds related to their storability. It was investigated the influence of the composition of lipids and soluble sugars of two storage compartments, the cotyledons and the embryonic axis, of Melanoxylon brauna Schot. (Leguminosae-Caesalpinioideae), a hardwood known as black brauna, seeds stored at 20 ºC for 0, 3, 6, 9 and 12 months (natural ageing) and for 0, 24, 48, 72 and 96 hours at 40 ºC (accelerated ageing). The levels of fatty acids and monosaccharides varied differentially in each of the embryo storage compartments. Changes in oligosaccharide levels were similar for both types of ageing, diminishing in both compartments. Ageing can be attributed to the significant decrease of oligosaccharides and the increase of glucose in both types of ageing and both embryo compartments.
INTRODUCTION
The black braúna (Melanoxylon brauna Schott. (Leguminosae-Caesalpinioideae), is a native Brazilian tree known for the quality and durability of its wood. It occurs in the Brazilian Atlantic Forest in the south of Bahia state and in the states of São Paulo, Minas Gerais (Lorenzi, 1992) , Goiás, Rio Grande Rio do Norte, Mato Grosso, Maranhão and Piauí (IBAMA, 2008) . However, it has been classified as vulnerable in the official Brazilian endangered flora list (Lista Oficial das Espécies da Flora Brasileira Ameaçadas de Extinção: IBAMA, 2008) due to excessive exploitation without replanting.
High temperatures and humidity during seed storage contribute to the acceleration of deterioration (McDonald, 1999) by degenerative metabolism. The reserves stored in the seeds consist of complex molecules (Bewley and Black, 1994) , the proportion of which varies between species and among species of the same family (Borges and Rena, 1993) . Carbohydrates, proteins and lipids are among the macromolecule essential to germination because free fatty acids and soluble sugars are degraded during ageing (McDonald, 1999) and cannot be used for biosynthesis and energy production (Marcos Filho, 2005) , which prejudices germination and seedling survival. Furthermore, reduction in sucrose, raffinose and stachyose levels can affect the protective effect sugars have on membrane integrity (Ferreira and Borguetti, 2004) , while increased levels of reducing sugars can cause the deterioration of protein components (Marcos Filho, 2005) .
Information regarding the process occurring during healthy ageing of forest species seeds is scarce, variable and, in some cases, contradictory. Some authors affirm a high correlation between natural and accelerated ageing, with the promoter mechanisms of the deterioration occurring during ageing being the same in both cases and varying only in the speed of the process (Delouche and Baskin, 1973; Santos and Paula, 2007) . However, other authors state that artificial (accelerated) ageing does not faithfully reproduce all the metabolic events happening during the storage of some species (Bailly et al., 1996; Borges et al., 2000; Fanan et al., 2006) .
The deterioration processes occurring during the ageing of M. brauna seeds has not been well-studied, so our objective was to quantify and compare the alterations occurring in the lipids and carbohydrates of these seeds during the natural and accelerated ageing. For this investigation we examined the lipid and soluble sugar composition of two storage compartments, the cotyledons and the embryonic axis of M. brauna seeds.
MATERIAL AND METHODS
Seeds collected from 15 M. brauna trees located in the Viçosa region of the Brazilian state of Minas Gerais were used in this study. Immature, deteriorated or damaged seeds were eliminated, and before each experiment the selected seeds were immersed in a solution of 0.5% (w/v) Captan for 60 seconds.
All the analyses used recently collected unstored seeds (storage time = zero) as controls. To assess the effects of natural ageing, analyses were made every three months during 12 months of storage in plastic packages placed inside cardboard tubes and maintained at 20 ºC and 60% of relative humidity (RH). For the accelerated ageing experiments seeds were placed in plastic boxes ('gerbox') containing 40mL of distilled water separated from the seeds by nylon screens, the boxes then being placed in an artificial ageing chamber at 45 °C and 100% RH. The ageing times were 0, 24, 48 and 72 hours. This study was undertaken in conjunction with the Laboratory for the analysis of Forest Seeds of the Department of Forest Engineering of the Federal University of Viçosa (Laboratório Análise de Sementes Florestais do Departamento de Engenharia Florestal da Universidade Federal de Viçosa).
Fatty acid quantification
Samples of M. brauna embryonic axes and cotyledons were dried, macerated in a porcelain mortar and pestle, placed in filter paper cartridges and treated with oil which was then cold-extracted with petroleum ether for 24 h in a Soxhlet extractor (Silva, 1990 ) and the samples stored at -20 ºC until quantification. Fatty acids were quantified by conversion to their respective methalic esters (Borges et al., 2000) . Briefly, 20 mg samples of the cotyledon or embryonic axis samples were dissolved in 0.5 mL of tetrahydrofuran (THF) to which was added 1mL of 0.5 M sodium methoxide solution prepared with metallic sodium and anhydrous methanol. The tubes were placed in a water bath and maintained at 50 °C for 10 minutes, after which 50 µL of glacial acetic acid and 3 mL of distilled water were added and the sample transferred to a separation funnel and the methalic esters extracted twice with 5 mL of hexane. The organic phase was dried with anhydrous sodium sulfate containing 10% solid potassium carbonate and the solvent removed in a rotary evaporator, the methalic esters being resuspended in 1mL of hexane. It was injected 1µL of the methalic esters samples into a Shimadzu CG14-A gas chromatograph equipped with a flame ionization detector (FID) and a Chromatopac C-R6A integrator. To quantify the fatty acids It was used a Shimadzu 50 m X 0.2 mm (diameter) melted silica capillary column with hydrogen as the carrier gas at a flow rate of 30 mL min -1 with the injector at 220 ºC and the detector at 230 ºC. The temperature of the column was programmed for an isothermic temperature of 190 ºC for 60 seconds followed by elevation of 2 ºC min -1 until an isothermic maximum of 200 ºC for 20 minutes.
Monosaccharide and oligosaccharide quantification
Mono and oligosaccharides were extracted from embryos and cotyledons according to a modified standard methodology (Black et al. 1996) . Briefly, the samples were dried, ground, homogenized in 80% (v/v) ethanol, centrifuged and the supernatant separated and retained, this process being repeated three times for each sample. The three supernatants for each sample were pooled, evaporated to dryness and the soluble carbohydrates resuspended in ultra-pure water. For monosaccharide quantification, 500 µL samples were used to prepare alditol acetate according to the method of Englyst and Cummings (1984) . Chromatograms were obtained using a Shimadzu CG14-A gas chromatograph equipped with a flame ionization detector (FID) and a Chromatopac C-R6A integrator. For separation, it was injected 1 µL of sample into a moderately polar column of 50% cyanopropyl phenyl dimethyl siloxane with an hydrogen carrier gas flow rate of 15 mL min -1 and the injector at 250 ºC, the column at 220 ºC and the detector at 275 ºC. For oligosaccharide quantification, 100 µL soluble carbohydrate samples were concentrated to total dryness in a lyophilizer, resuspended in methanol, filtered to remove protein and pigment residues and again concentrated in the lyophilizer. Oligosaccharides were separated and quantified by dissolving the concentrated samples in 500 µL of ultrapure water and injecting 20 µL aliquots into a Shimadzu high performance liquid chromatograph (HPLC) equipped with an HPX-42C Aminex 300 x 7.8 mm Column at an oven-temperature 40 ºC and an RID-10A refraction index detector using isocratic analysis and a water mobile phase and an analysis time of 20 minutes.
Seed water content Water content was determined every three months by drying three replicates of 20 seeds at 105 ºC for 24 hours (BRASIL, 1992) .
Statistical analysis
The experiment design was entirely randomized with three replicates. The data was submitted to analysis of variance (ANOVAR) and regression analysis at the 5% significance level using the Statistica program Version 6 (StatSoft  , 2001).
RESULTS AND DISCUSSION
Regarding fatty acids, the caproic acid content of the embryonic axis increased during storage up to the third month and then remained roughly constant until the end of the experiments at 12 months (Figure 1a) , while caproic acid in the cotyledons increased continuously until the ninth month and then remained constant in the twelfth month. Myristic acid showed a significant increase during storage in both the cotyledons and the embryonic axis, with similar values and patterns for both these storage compartments ( Figure 1b ). Palmitic acid decreased slightly in the embryonic axis until the third month and then stabilized until the twelfth month (Figure 1c ), while in the cotyledons the levels of this fatty acid decreased until the sixth month but then increased up to the end of the storage period at twelve months ( Figure 1c ). Unlike the fatty acids described above, the stearic acid content during storage was different in the embryonic axis and the cotyledons (Figure 1d ), with only a small variation in the embryonic axis but in the cotyledons there was a significant decrease until the sixth month and a subsequent increase until the end of the storage period ( Figure 1d ). Oleic acid and linoleic acid showed a similar pattern (Figures 1e and 1f) to that of stearic acid ( Figure 1d ). The oleic acid content in the cotyledons decreased until the ninth month but showed a small increase in the twelfth month, while in the embryonic axis the levels remained constant until the sixth month and then decreased until the twelfth month ( Figure 1e ). The linoleic acid values for the cotyledons showed a similar pattern to that of stearic acid, while in the embryonic axis the values varied little during the twelve months of storage ( Figure 1f ) . Marcos Filho (2005) reported that alterations in the chemical composition of seeds is common, occurring gradually and at variable intensities and speeds, and eventually progresses to deterioration. These processes involve alterations in reserve compounds and in the synthesis and activity of enzymes, all of which directly influence the chemical composition of the seeds. It has been shown that seeds of the Pará rubber tree (Hevea brasiliensis) showed a Ácido Capróico (mg/g) tendency for reduced oleic acid, linoleic acid and linolenic acid content when stored under the same conditions as we stored M. brauna seeds (Paula et al., 1997) . Furthermore, it has also been reported that moist-stored seeds of Inga vera, subsp. Affinis, also a member of the Fabaceae, showed agglutination of oleosomes concomitant with a reduction in seed quality, although the lipid content of these seeds was not quantified (Faria et al. 2006) . In accelerated ageing experiments, caproic acid levels remained practically unaffected and very similar in both the embryonic axis and the cotyledons (Figure 2a) . The myristic acid content of the embryonic axis was minimally reduced but there was a large decrease in the cotyledons where the myristic acid levels at 72 hours reached a similar value to that in the embryonic axis (Figure 2b) . Palmitic acid levels in the cotyledons increased during the first 24 hours of accelerated ageing but then decreased until the end of the experiment at 72 hours (Figure 2c) , while in the embryonic axis the levels initially remained stable before decreasing during the rest of the accelerated ageing experiment. These results indicate that the storage compartments showed very similar tendencies. Stearic acid levels decreased slightly in the cotyledons during accelerated ageing but were stable in the embryonic axis for the first 24 hours, after which the levels dropped (Figure 2d ). Oleic acid content reduced significantly in the embryonic axis, while in the cotyledons the variation was not statistically significant (Figure 2e ). Linoleic acid vales did not vary greatly in the embryonic axis or the cotyledons, with just slightly elevated levels during the first 24 hours followed by stable values for the rest of the experiment (Figure 2f ). Thapliyal and Connor (1997) also observed small variations in the total percentage of fatty acids during period of accelerated ageing. It is interesting to note that, except for caproic acid, the levels of all the fatty acids investigated were higher in the cotyledons than in the embryonic axis during natural and accelerated ageing. The caproic acid levels were similar to that of seeds maintained in storage (i.e. the control seeds), these seeds also presented myristic acid values which were similar in both storage compartments. We also observed that, except for oleic acid, the variations in the levels of fatty acids in each storage compartment during natural ageing varied independently. In the case of oleic acid, however, values decreased in the embryonic axis while increasing in the same proportion in the cotyledons during natural ageing. During accelerated ageing, utilization of fatty acids in one storage compartment showed no relationship with regard to the other compartment. In general, the tendency was towards reduced, or stable, levels of fatty acids in the embryonic axis during both types of ageing. The only fatty acid levels to decrease were oleic acid values in both natural and accelerated ageing and palmitic aced in the accelerated ageing experiments. Several authors have tried to correlate the processes occurring in the deterioration of seeds with changes in fatty acid levels. For the lipid fraction of plasma membranes, polyunsaturated fatty acids such as linoleic acid and linolenic acid are more susceptible to oxidative degradation (Bewley and Black, 1994) . Research has shown reduced fatty acid content in soybean (Glycine max) seeds during natural ageing and in maize (Zea mays) and sunflower (Helianthus annuus) during accelerated ageing (Trawatha et al., 1995; Basavarajappa et al., 1991; Halder et al., 1983) . In this experiments with M. brauna, it was found a greater tendency towards decreased fatty acid levels than towards increased levels.
In terms of monosaccharides, in the natural ageing experiments the levels of the xylose, mannose and galactose were significantly decreased in the embryonic axis of the stored seeds (Figures 3a, 3b and 3c) , while there was an increase in glucose values in both storage compartments and increased xylose content in the cotyledons (Figures 3d  and 3a, respectively) . Galactose levels in the cotyledons was significantly increased until the third month of storage, followed by a small reduction with subsequent stabilization up to the twelfth month (Figure 3c ). Only the xylose values showed a positive correlation between the two storage compartments but the relationship in xylose levels was inverse, suggesting the transfer of xylose between the storage compartments. For the other monosaccharides the trend seemed to be restricted to the cotyledons and the embryonic axis, with, in most cases (the exception being for the glucose), the embryonic axis having the lowest monosaccharide levels at the end of the natural storage period. In general, there was a significant degradation of xylose, mannose and galactose in the embryonic axis during natural storage. The possibility of monosaccharide leeching from the embryonic axis can be discarded due to the stability of, or increased, monosaccharide levels in the cotyledons and the low water content of the seeds (11% RH at the start of the experiments and 13% RH at twelve months) which would have prevented leaching from both compartments. The only other alternatives are respiration or conversion into secondary products such as phenols or proteins. Faria et al. (2006) reported the occurrence of reduced starch levels in radicle cells during the reduction of quality of I. vera seeds. Although we did not quantify alterations in starch levels in M. brauna, it is reasonable to assume that conversion of starch to glucose may have been the reason for the increased glucose levels seen in our experiments. During accelerated ageing the xylose level in the embryonic axis increased up to 48 hours and stayed approximately stable for the next 24 hours until the experiment ended at 72 hours (Figure 4a ), while the xylose content of the cotyledons remained constant for the first 48 hours and then increased. Mannose levels in the embryonic axis and the cotyledons (Figure 4b ) were different, with values close to those before the artificial ageing experiments and with the values in the embryonic axis showing a slight increase while those in the in the cotyledons remained stable. The galactose values were practically stable in the embryonic axis during artificial ageing but increased in the cotyledons where it reached values close to that in the embryonic axis (Figure 4c ). Elevated galactose values can result in protein degradation and a consequent decrease in the quality of artificially aged seeds since galactose is one of the more reactive sugars involved in Amadori isomerization or rearrangement reactions (Bernal-Lugo and Leopold, 1992) . It is interesting to note, however, that Amadori reactions are unlikely to occur in naturally aged M. brauna seeds, because in this case we found that galactose levels increased only initially and then showed a tendency towards a significant fall in the embryonic axis (Figure 3c) . During accelerated ageing, glucose presented the lowest values of all the monosaccharides, with the glucose concentrations in each compartment being increasing but different ( Figure  4d ). In general, in accelerated ageing there was no reduction in the monosaccharide reserves of either compartment, unlike the case for naturally aged M. brauna seeds. The behavior of the seeds regarding monosaccharide utilization in both compartments was different during the natural ageing and accelerated ageing of M. brauna seeds. During the ageing of seeds there is a gradual liberation of reducing sugars that accelerate deterioration by inducing the destruction of protein components and this affects seed viability (Locher and Buchelli, 1998; Marcos Filho, 2005) . Enzymes such as invertase (beta-fructofuranosidase, EC 3.2.1.26) and alpha-galactosidase (EC 3.2.1.22) can promote the liberation of reducing sugars but require relatively high levels of hydration in order to function (Wettlaufer and Leopold, 1991) . We believe that such hydration was probably facilitated in the M. brauna seeds exposed to high relative humidity in the accelerated ageing experiments, with increased enzyme activity being the reason for the higher levels of reducing sugars which we found in the seeds subjected to accelerated ageing compared to those which were naturally aged.
For the oligosaccharides the results were similar for both types of ageing, with the levels in the embryonic axis always being higher than that in the cotyledons. At the end of 12 months natural ageing or 72 hours accelerated ageing the oligosaccharide values in each compartment were almost the same, possibly due to their greater use in the embryonic axis as compared to the cotyledons (Figure 5a, b, c, d , and, and f). According to Dey (1981) , the trisaccharide raffinose is stored in the reserve organs of seeds and is either hydrolyzed by alpha-galactosidase present in the embryo of stored dry seeds (Feurtado et al., 2001) or used as a precursor for the synthesis of other oligosaccharides. The raffinose family oligosaccharides are composed of linked sucrose and galactose molecules which can be hydrolyzed free sucrose and galactose (Cruz et al., 1981) . Glucose levels in the embryonic axis rose in both ageing experiments, while galactose levels decreased during natural ageing but remained stable during accelerated ageing. The reduced galactose and mannose levels in the embryonic axis which occurred in naturally aged seeds was probably to avoid possible deleterious effects due to the presence of these sugars. Borges et al. (2004) reported that galactose inhibited alpha-galactosidase activity in the embryonic axis and cotyledons of seeds of the native Brazilian tree Caesalpinia peltophoroides Benth. The reduction in the levels of galactose, a fundamental component of cell walls, and the reduced mannose content during normal ageing and its elevation during accelerated ageing suggests that oligosaccharides are being used for respiration and not for biosynthesis.
Several authors have correlated decreased levels of soluble sugar and starch and the accumulation of reducing sugars with seed deterioration (Braccini et al., 2001; Marcos Filho, 2005) , possibly due to less substrate being available for respiration and hence a reduction in germination and vigor (Bernal-Lugo and Leopold, 1992; Locher and Bucheli, 1998; Marcos Filho, 2005) . The large amount of soluble carbohydrates in C. peltophoroides seeds appears to function not only as an energy supply during germination but to also be a factor in the ability of these seeds to survive prolonged storage (Corte et al., 2006) . This hypothesis is supported by the fact that soluble sugars are known to have a role in the maintenance of membranes and protein integrity when seeds are maintained at low humidity (Carpenter et al., 1987) . Garcia et al. (2006) reported that Caesalpinia echinata Lam. (Brazilwood or Pau-Brasil in Portuguese) seeds maintained under natural conditions not only lost the capacity to germinate but also showed reduced glucose and fructose levels. Hellmann et al. (2008) , however, found no relationship between soluble sugar levels and the germinative capacity of C. echinata seeds stored at low temperature, suggesting that carbohydrate metabolism may vary in accord with the stress to which seeds are submitted.
It appears that in spite of the fact that seed embryo is latent indicate that in spite of the fact that seed embryo is latent its vital activities do not cease entirely but are probably dependent on the temperature and humidity of the atmosphere in which the seeds are stored.
CONCLUSIONS
The fatty acid and monosaccharide content of M. brauna seeds varied differently during natural and accelerated ageing both in the embryonic axis and the cotyledons.
The alterations in the oligosaccharides levels were similar in both natural and accelerated ageing, decreasing in both the embryonic axis and the cotyledons.
The significant reduction in oligosaccharide content and the increase in glucose levels in both the embryonic axis and the cotyledons were important factors in ageing.
